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ABSTRACT 

.^1, The purpose of this study vas to atteipt to train the 
horizoi\tali1^concept in a group of first graders vho vere 
non-operational on the horizontality concept but transitional on vhat 
Pi2^get has termed the precursor concepts of distance and length 
conserTation. There vere tvo groups of subjects (training and * 
control), all of v ho ■ had failed a horizontality pretest. In the 
pretest they vere « presented vith outline pictures of tilted jars and 
asked to drav .in a vater line as it vould look if the jlirs vere half 
full of vater. One veek after the pretest, children in the training 
group vere seen in indiyidual sessions and again asked to anticipate, 
the vater line by draving a line on outline pictures of 
straight-sided jars. Subjects vere given explicit knowledge of 
results as veil as experience copying the actual, vater line. Results 
indicated a significant inprovesent for the training group vhich held 
to the follov-up posttest a veek later. There vas also transfer of 
training to a round-sided Jar not used in training; Results are 
discussed in terns of Piaget*s theoretical notions of assinilatipa 
and accommodation as related to explicit feedback and^isual-notor 
practice. (Author/MS) • 
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Training the Horizontality Concept in-a Group ,^ 
of Non^Transitiona^ Subjects ' 



In.charting thi telopment'of the child's conception of spaJial, rela- 



tions, Piaget (Piag 



The concept of. hor 



!t s'lnhelier, l956i Piaget, et'al. i960) placed special 



• enphasisVon the eni'etgency of the concepts of horizontality and ,'verticality. 



zontality., especially as- assessed by Piaget's vater line ' 



task, has' received a substantial m^i\ of attention both in Piaget's writing ; 
and. In- recent, reSe irch literature. "Piaget and'others (Bama. s S'Connell, 
A%V, Beilin, Kag^n/ & Rabinowitz, 1966? Dodwell l963; Ford, l970;'Shantz 



Smock, ^1966; Siii|ddund,: 19631 have shown^tKat'preoperational children lack: 
an adeijilate coiiiejtion of the horizontal; tliey\are able 'neither to rep):esent 
correctly nor to . -perceive accurately the torizontal'ity of the water line in 



'.^atill 



ted contaii^er. Piaget arid Inhelder (195,6) rei^rt that the' ability 
do^s not become'^eneral, across all.angles of tilt until -the middle o'f the : , i 
cpncrete oper^ti^ijriar'^ieriod.at about eight or nine years of age. Others, , , 
however, have fdund that this is often not achieved until much later and is a. ■ 

1 ' I . ■ I ■ V .■ 

) , . ■ ' ' ' ' , 

.absent in many idults (Dodwell 1963; Rebelsk]/, l964i Thomas, Jamison s Hummel, 1973'! 



. Ijilleinsen s Reyinolds; 1973)'. 



A 



■ In recehtivears several investigators have attempted to teach the con- * 
C6pt with,varying,;degrees of success'. Smedslund (1963*1 ha(i some success with-, 
. a perceptual feedback procedure in 5-7 year olds, but only with' subjects who' ' j . 
//showed some initial grasp of the' concept. Beilin et af." (1966), usii^g second 
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jhdefs, founii.^. perceptual confirmation procedure to be most effective althougti' 
' it was not sufficient to produce a significant transfer of training effecti / 

■ . • //. 

ana here too, an unreported proportisn^of their subjects had shown partiil/ind^r- 



standing on 



iretest. Most recently a study by Sheppari (1974) has,, deiribn^r^ed 

i 




success with a'pe/ceptual-feedback .technique. However, these subjects were . . 
•8-years-old an/did Ijave.some partialjunderstanding prior to traiRicig. If . ' 
^ ' may furthef /e mentioned tfiat in Shepp^rdS's; (1974) study.as in the Beilin, et al. ' . 
(19^5) stu/ythere'was no specifid traiisfef of training to a jar shape other than 
tl)^t iise| in training, 

I /t^ results. of these training studies mirror. the^ results of other 
' '/ titai^tog studies of Piagetian concepts of the concretroiperational^ period 
/ / (e^.g." prainerd S Wlen, 1971) : . Successful training is cown for transitiotlal 
^ subjects, i.e. those with some previous partial understanding. It remyns 
more controversial as to whether, 5uch cognitive concept^^ can be ■ 
acquired by non-traniitional 'Subjects. . \ /v. ^ 

' "■ The purpose of the present investigation was to attempt tov.traifr tne 
^ ' horizontality concept in a group of ypung children who wire non-operational 
' on the horizontality concept but transitional on what -Piaget >(et al., i960) 
havS termed the precursor concepts of distance and length conservation.' By 
using a more intensive perceptual-feedback teohniqae, ifwas felt thj't the 
concept could be mastered by non-transitional subjects, at^i that 'this u^der 
' String 'would transfer to a roijnd-sided jar. ^ ■ > '■y- 



Method 



• Design ' ■ , / ' / ■ . '■ ' 

: The, experiment consisted of (a)'a pretest, (b) ^'trainitj session with' 'Vv 

iatiediate.posttest, (cl a follorup tesi after a 1-ieek interval. Thus, \ 

each Child was seen, individual\y on three separate occasions, spaced 1 week ' S 



I'- 



apar^. 'Testing of' distance and length conservation was made bffore the pre- 
Itest and immediately .after the follow-up posttk. .. ' ' ■ ■ i 



Subjects ': \ ■ ^ 

Two jroups of ^O" subjects each (tfaiping vs. control groups) comprised 
the sample. All Subjects wete first grafes' (mean age 6 years, 9 monfctis). 
' These children were i pupils at state college-affiliated teacher training 
.schools in.ioffalo,, jNew York and Providence, Rhode Island. E^ch group of; „ 
subjects had ^quali numbers' of male and' female childrej,.! ' Only subjects ; ' 
who failed four out|0{ four presentations of the water^jline on the pretest 
ifere used in. th^s study. Subjects in either the training or confrol groups 
who made one or more correct responses, on tjie pretest were .rejected at onc^s* 



of toy soldiers, dogs, and cars., a wooden block about ? by 6 by/lO inches 
in size were used tp assess distance conservation; • a pair of 8»inch-lonq 



Materials 



: '- A Straight-Sided jar, 4 inches high and Half-filled with, clear water ■ 

. was used for the training trials., An attempt was ijide to make the- water 
' ■ . / < • ' ' ' ' 

line in this jar more salient for purposes of ttaining. This was accom- 

• plished by" floating small BB-sized' black wax 'pellets on the' water S0 that 

" " * ^ ■ . ■ ■ ■ ' 

'the surface was covered by approximately one thickness .of the pellets j This 

■■ ' ■ ■ * 

■ device served to accentuate the water line shArply, relative to the other / 

' stimulus elements of the. jar, when the Subjects viewed the jar in the usual 

way with the. water liqe at about eye level, ' • , 

A'seconi^straight-sided jar, identical to the first, but empty, was 

used for the pretest,, posttest, and foUow-up'test trials. An empty rounded-, 

Sided jar similar in size was used for the transfer test trials. An 

adjustable jar-holding apparatus was constructed which was used to present 

■ the. stimulus jars in various degrees ,of tilt. Response sheets on which the 

' *' ' ' ' ■ , ' 1 - ' 

silbjects drew their water line representations'w^re prepared which contained : 
. odtline drawings of the , jars in various angles of tilt corresponding to the 
►angles at which the stimulus jar was' presented. , A heavy black line represented 
the table top in each drawing. This line could be used as a horizontal ■ 
reference line, as coUd the "borders of the response sheet itself. Pairs 

ERIC , 5 



Sticks was used'-to 'assess length conservation, 

Procedure , . ■ 

■ Pretest. On the first day of testing, the child was presented with 
four distance consenation items, two Involving filled versus empty space, 
and two involving direction of movement. A child was'also given two length 
consenation items. In the filled-empty , distance consehation test , the 
subject was first shown two* toy- cars about 15 inches apart and.'asked if they 
were "near each other or far. apart." All subjects said the objects were; 

far apart, A wooden block, slightly, higher than the objects and about 2 inched 

'■ - ■, I 

tf\ick,was then placed midway between them and the child was again asked if i 
the objects were near each other or far apart. The procedure was then 
repeated using toy dogs in place of cars. In the direction of. movement ■ 
distance conservation test, the subject was first shown two tqy soldiers, 
one on the table and one placed about 15 inches away on a 'box so that it 
was elevaited about/12 in(j|ps' above tt/ table top. ^Tlie subjec.t was then asked,' 
"Is it just as far from, here to here: (object A to object B) as it is from 
here to here (B to' A)?" while the experimenter moved his finger from A to B 
and back again. 'The procedure was then repeated using the toy dogs in 
place of ihe soldiers., ' ' . ' 

In the lenqtti conservation test, the child was shownytwo 9-inch- lo.ng 
sticks. The sticks were placed side by side and the thild was asked if the • ,V 
two sticks were the 'same length. All subjects described the, sticks as 
being of equal length. One stick was 'then displaced 1 inch to the left and 
.the child was asked whether the sticks were 'still the same length' or whether 
one was longer than the other. .The procedure was then repeated with the 
displacement being 'made to the right instead of to the left.* 



Fo;x the,,horizontality concept test, the child waS first intrcxduced to 
the prpcedur fe of drawing lines, on res po ns e s hee ts by means of four w^irtn- 

up. items In two of - these 'items> the child completed ' a partially drawn 

■ . * * 

. geometric form (square or hemisphere) by. drawing a straight line. In the 
-remaining twoitems, the child was shown a drawing of a jar with^ dot 
on each of its sidiss and was asked to draw p. line from dot to dot. The 



^ ^purpose of these trials was to adapt, the child to t'h^ line drawing task and 
to insure that all subjects had sufficient visual-motor coordination and 

control to draw a straight line. 

■ . . ■ / ^ ,- 

After the warm-up items, the^child was shdwa the straight-sided jar with 
'the accentuated water line,- The jaf was held upright, and the fact that 
the top of the JPter forms a water J. ine was pointed out to him. The 
j experimenter said, /'See the water in this jar? If you look closely, you 
can see that the top of the wateV .makes ,a line right across the jar, just 

like this (E points). Do you see it? .We call this the. water line." This ' 

' . • ■ ■ ■ ■ • • ■ . /. 

jar was then-put out of sight and not shown again. The empty straight-sided jar 
was presented in the upright position, and the child was given a response sheet 



and ask^d^to draw in the water line so that it would/look just like the water 

' \ 

line in the half-full -^arr he had ju^t been sl^own^ The remaining stimulus- jar 
positions were then/presented in the following order straight jar tilted right, j 
round jar tilted left; ro«n^ jar tilted right , straight jar tilted'left. All / 

tilts of the. jars we:^ 45.^x.from^ the vertical- . ^ . 

Training . The trMning session followed 1 week after the pretest. The , ' 



child was first given two warm^^i^items , as described, above , after which 

was phown the half-fulT jar with the ah^centuated water line and reminded that 

■ ■ \ 
the tis^p of the water foirmed a water line.N^'This jar was then put out of sight 

' ' " \ ' 

and thl^ Ahild was 'presented with an empty stVaight-sided jar in the upright 

. A'' ■ • I - ' ' 

position and asked to . anticipate the water/Line by drawing it on a response 
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sheets showing an empty outline jar in the upright positfon. If the 
child's representation was correct, he was told that ,his drawing was 



^'rrect. This was explicitly emphaiized to him Ijy the experimenter who 
replaced the empty jar with the l\alf-full jar and placed a pencil first 
along the actual wate\ line knd then on the" drawing and noted that , . * • ' 

tl^ey both lay "flat" or like thjS table edge or base of the ,jar holder. 

• • • • " ■ . ■ . ' ^ I. 

^ Feedback. If the- child ' s drawing was incorrect, he was .so informed and 

was told how to correct it. Again using a' pencil, the experimenter demonstrated 

• ^ - , ' • • 

*how the actual water line was flat like the jar holder' base and that the water 
" ' ■" c ■ • \ ' 

'/ line could not look as the child had drawn it but. would lie flat. When 

,the child's initial representation was incorrect, another outline drawing , 
y * 
' was presented and the child was asked to copy the actual watfer line from the • 

accentuated jar. If this response was correct, the child was told so as described 

above. If the second drawing was still incprrect, the child was told that he ■ • 

was not correct and was encouraged to do better on the next trial. * ' 

The above procedures were repeated with the following additional 

orientations: 30° right, 30^, left, 90° Aght, 90° left, 60° -right, and 

60° left. Only the straight-sided jar was used for the training trials. 

It should be noted that the angles of tilt used in, the pretes t , 'pos ttest , 

'■ » ' \ . • ' ^ 

a.nd follow-up trials were not the same as those used on the training trials. 

Posttest . Immediately following the last training tyials, the c^iild 
was given a posttest identical to the pretest with the exception that the 
upright position , was' omitted. No k^noCledge of results was given during ^ 
the posttest. ' >^ ' . - . 

Follow-up . A' foLlow-up test, identical to the iimnediate posttest, was 
administered in the third test session^ 1 week after the training and posttest 
session. No warm-up trials were Jised in th*e follow-up session. Immediately 
afte» this follbw-yap test, the distance^and Length conservation tests were 



re-administered. ' ' . 

Scoring . The children's water line rppresentations/on the^^etest, post-. 

test^ and' follow-up 'test' were. scored as correct (horizontal) or incorrect 

fx'' ' ' • 

* . - ■ ■ . • . ■* ♦ 

(nonh^izontal) ; and the subject'is score was., the number correct summed 
across the four tilted jar positions/ the upright position was ^ used only 
on the pretest as a warm-up item and was not scored. Since the childrea. 
drew their responses freehand', a talerance of five degrees was allowed in 
scoring a response as correct. / . " ' . " ' ' 

V Results ' ^ 

■: " \ > . 

Training . An analysis of variance of ^the. number of corrjjct resjjonses 

revealed a significant increase in ^performance across test periods (F «^18.14, 

df = 2 & 40, p < .01), as shown in figure 1. * A Newman-Keuls analysis 'showed 



Insert Figure 1 about here 



a significant (p. ^.01) increase in correct .responses from pretest to posttest 

and a further but non-significant increase from posttest to follow-rup * ^ 

\ . 

test. For the.dbntrol group there were no correct responses on either the 
pretest, posttest or follow-up test. for any of the children. 

Specific Transfer . ' . • . ^ 

The*f6regoing analysis showed that there was a significant training effect 
disregat;ding jar shape. ^^This effect involved a certain degree of 'transfer, in 
that the angles of 3ar-tilt used- in test items were different from those 
used in the training procedure. The question of transfer to a different 
jar shape, however, is perhaps of more interest since Beilin et al. (1966) 

and.Sheppard (1974); failed to obtain such 'an effect. Separate Newman-Keuls 

' ■ ■ . *• ' ^ . . 

analyses showed t|fidt there :Were significant training effects for each of. 



the. two jar shaped. For, the straight jar, there was a non-significant increase 



Insert Table. 1 abojat here 




in performance from pretest to posttest, but a significant (p < .05) increase 
from pretest to follow-tip test." This indicated 'a significant effedt of 
direct training on the straight jar. For the roOnd jar, the increases in 
' performance, were' significant from pretest to posttest (.p<.05) and from 



pretest to.follow-up test fp<.05). These results indicate that the. 

training effect obtained with the straight* jar transferred to the round 

jat, -which was not used in the training series^ Indeed, paradoxically, 

acquisition was more immediate for tlhe round jar than for the straight Jar. 

Conservation IJbems ; ^ • 

On the four distance conservation, trials , the .trailing gyoup produced , 

an average* o^ : 1. 6S- versus 2.40 for the control group (p^.05) . On the two' 

length conservation trials, subjects in both the training and control groups 

produced an average of 0.85 correct responses. Few subjects demonstrated 

complete success on these precursor concepts. For distance conservation only 

two subjects in the training group and five subjects in the control groups 

showed complete success. On length conservation, fi4^ subjects in the 

training group and eight subjects in the control group scored two correct 
• , * 

responses. It thus- appeared thatj|p|these subjects weie- in transition in 
development of the precursor concepts of distance and length conservation. 



J. 



iO 
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i \. ♦ .■ ■ ■ • ■ • ■ . ^ • 

■ . ' * • ' <» 

* • " ■ f' ' * ■ 

* ' ■ *. Discussion 

The results, of 4:he. present investigation kre important in .several respects. 
■•TTrst"oT~a^^ , • 

CQinprenension in a. grougnpf young, non-transitional subjects. Secon<ily, the * • 
iTtpfovement in perforriiance was sustained for a week, dt which time the follow- 
, up posttest was administered.- Peifhaps i|[iost important were the findings that 
the effects of traifhtrig trans"fetre4 "tb degrees of^tilt not used in training 
and. to a round-sided jar , al:?6 'not us'^d in training'. - ' • . 

, »By themselves the findings of' a significant improvement on the.Jior izontality ' 
concept following .training as measured' by the water 'line task, are not that 
unusual. Several previous studies eg.. Smedfelund (1963/ .^ttin, et al. (1966)' 
and Sheppard * (1974).- have all demons trated. some .success, in training the condept. 
What is exeep^tional about these results is that successful training was v . 

accomplished, wit k a" group* of c'hildren roughly a y§ar younger than the previous ' 

studies. Subjects in the present inves tigatjkoh were corfii|dfered to' be. non- 

■ . ■.'*«■.■ 

transitional on hor izontality , while in' a transitional' state on Pia,gets • 
hypothesized precursor concepts of distance and length conservation. ! ' 

It is noteworthy, too, ^that previous studies of this sort have failed * 
to find transfer of training to a. jar shape other than that used in training. * 
Paiiure to find transfer effects raises some'question as to whether, we can - , 
speak of successful training of the hor izontality concept. ^For without transfer'- 
of training, it could be argued that the children merely learned specific 
behaviors for a specific task and not a ge.neralized concept. The-fi'nding 
of specific transfer .of traiViing in the pSte^ent study gives stj^rength to 
the conclusion that with a more- intensive training effort,, the concept of 
horizontality can be acquired in a group 6f young, nonr-operational subject. 
>Having said all that, the question still remains as to what aspect or 



a^spects *of the training effort resulted in the improved perfarmance, or 
whether some cortbinatiojn of . techniques' was required for successful training. ' 

. » J ^ . ■ , r * . 

"Unfort'uTTately, the ifesultsdf this study cannot provide a direct 'answer 
to these questions. 'How^veif, by using Piagets' theory of cognitive develop- 
, meat and the result of similar studies as guides, some tentative answers 
to these questions can be offered.* ^ 

The first point of disciission involve'is Piaget ' s TiotidH of cognitive growth 
in general. Piaget s^tates many, times, (eg. Piaget I960) that cognitive growth 
entails accomodat jlen of pre-exist^ing schemata to "fit" the new reality. 
In terms ,of the waterline task the child oj^t accomodate the pre-existing 
notion ^,of "water always parallel to the base of container" to "water oblique 
across the container and parallel to *the floor." Piaget further makes the 

point that accomodation requires some mental effort, and that -when a child 

■ • ■ " . 

is presented with a new object or tagk tl^e child will initially attempt 

to assimilate the new reality ''to the old schema. 

^ These theoretical -id^as large implications tot any attempts at 

accelerating dognitive mastery/ Specifically the provision of feedb^pK^^in 
a "passive ".>,way> i.e. merely holding up for inspection, a real water line, 
is likely to provide no-adaption of the child's mind. iTideed it was 
the author's experience that mo^t children ^hen asked to compare their in- 
correct representation of the water line directly, side by side with an 
actual water line, Would insist that the water line in e^ch jar was 
the same. By making explicit the discrepancy betweeji the real water line 
and the child's representation of the real, it may be. possible tp overcome 
, this "cognitive resistance." ^ ' . ^ - • 

However, pointing out the discrepancy alone may not be sufficient to. 
instill a new concept of the water line. In this investigation children also 

r 

wete^iven tfie chance to correct their wrong representations^, xfiis practice 
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■ TABLE 1 _ 
Results of Water-line Tests 



JAR 




■ HORIZONTALITY TEST 




SHAPE 


PRETEST 


POSTTEST 


FOLLOHP 








r 


Straight 


. '0.00 


0.55 


0.90 



Round I 0.00 0,95 0.95 



Note - Haxlnm I correct would be 2.00 
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pre-test post-^test follofr-up 

WATER-UNE TEST ' 



16 . ' 
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